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Introduction
Acetylcholinesterase (AChE) is one of the most ubiquitous enzymes present in central cholinergic pathways (Geula and Mesulam 1999) . At cholinergic synapses, it hydrolyzes and thus terminates the synaptic action of acetylcholine (Soreq and Seidman 2001) . Roles for AChE have also been described in neurotransmitter recycling, proteolysis, neurogenesis, morphogenesis, neural differentiation, and even amyloid fibril assembly (Silver 1974; Robertson et al. 1985; Small et al. 1991; Layer et al. 1993; Inestrosa et al. 1996; Koenigsberger et al. 1997) . Histochemical procedures reveal high AChE activity in perikarya of cholinergic and cholinoceptive neurons. Only cholinergic neurons, defined by the presence of the synthetic enzyme choline acetyltransferase (ChAT), also have AChE-rich axons. These axons display selective laminar and areal distributions in the central nervous system (Silver 1974; Mesulam and Geula 1994; Geula et al. 1995; Geula and Mesulam 1999) .
In the cerebral cortex, high AChE enzymatic activity is present in 4 groups of cortical neurons: 1) Cajal-Retzius cells in layer 1, which are particularly prominent during development; 2) heteromorphic neurons in layer 6 and the underlying white matter; 3) polymorphic intracortical neurons of layers 2 through 6; and 4) intracortical pyramidal neurons of layers 3 and 5 (Mesulam and Geula 1991; Geula et al. 1993 Geula et al. , 1995 ; the last group appears to be a relatively specific feature of the human cerebral cortex. None of these neurons contain ChAT and are most likely cholinoceptive but not cholinergic.
In prior reports, we described an extensive network of cortical pyramidal neurons in the human brain that contain a high intensity of histochemically identified AChE reaction product, and designated them "AChE-rich" (Mesulam and Geula 1988a , 1988b . Qualitatively, the density of these AChE-rich neurons was low in paralimbic cortical areas, primary visual cortex, and primary auditory cortex, intermediate in posterior parietal, prefrontal, and lateral temporal association cortices, and high in premotor and motor cortex. In general, the density of AChErich cortical pyramidal neurons was higher in frontoparietal and peristriate cortices than cortical areas in the temporal lobe. This neuronal class was distributed in both layers 3 and 5, but its density in each layer varied among different cortical areas. The appearance of specific cytoarchitectonic and laminar patterns suggests that the AChE enzyme activity in neurons is selectively regulated.
We have also shown an age-dependent pattern in the emergence and maintenance of AChE-rich cortical pyramidal neurons (Mesulam and Geula 1991) . Prominent AChE enzyme activity is virtually absent in cortical pyramidal neurons at birth and during childhood. It emerges during adolescence and encompasses a greater number of neurons during early adulthood. The emergence of AChE-rich pyramidal neurons in young adulthood at a time of significant cognitive maturation and the known importance of cholinergic transmission for memory and attention led to the speculation that these neurons may participate in the process of cognitive development.
Not all cortical neurons with a positive histochemical reaction fit the AChE-rich designation. A more inclusive quantitative analysis of heavily as well as lightly stained AChE-positive cortical neurons suggested a potential decrease in the overall number of these neurons in the course of normal aging . In order to further pursue the fate of neuronal AChE through the human lifespan, we quantitatively analyzed both the number of AChE-positive cortical pyramidal neurons and their densitometric staining intensity in a cross-sectional study that extended from childhood to late-adult life using unbiased stereological techniques. We found that the density and staining intensity of AChE-positive cortical pyramidal neurons is higher in young-adult brains when compared with brains of children and adolescents, consistent with prior findings (Mesulam and Geula 1991) . Compared with young-adult brains, there was no significant decrease in the quantitative density of AChE-positive neurons in the elderly with average memory capacity, a finding that is also in keeping with our earlier reports on AChE-rich neurons. However, this group of cognitively average elderly showed a significant decline in the AChE staining intensity of pyramidal neurons when compared with younger adults. In addition to elderly subjects with average memory capacity, we also included a unique group of elderly individuals 80 years of age or older with unusually well-preserved memory performance (cognitive SuperAgers) (Rogalski et al. 2013) . We found that SuperAgers had a significant decrease in both the staining intensity and regional density of these neurons when compared with age-matched subjects with average memory capacity.
Materials and Methods

Case Characterization and Tissue Preparation
Brain tissue was obtained from a number of neuropathologists across the US and from the Northwestern University Alzheimer's Disease Center Brain Bank (see Table 1 for characteristics of participants). The cohort consisted of 32 normal cases with no indication of antemortem neurologic or psychiatric disorders, many of whom were extensively characterized through neuropsychological testing (Table 1) . Clinical records were also available for each case. For those cases in which neuropsychological test performance were unavailable, careful chart review was undertaken and information was obtained from the next of kin whenever necessary. No cases had a history of prior AChE inhibitor use.
This cohort included cases aged 19 years or younger (N = 4), designated as "child/adolescent," cases aged 22-57 years (N = 8) designated as "normal young," and cases aged 72-95 years (N = 15), designated as "normal elderly." In some analyses, the normal young group was further subdivided into normal "younger" adults, individuals aged 22-45 years (N = 5), and normal "middle-aged" adults, aged 50-57 years (N = 3). An additional 5 brain specimens were obtained from elderly participants known as cognitive SuperAgers, defined as individuals 80-years-old and over, who possess episodic memory functions that are at least at the same level as, or better than, average performance for individuals 20-30 years younger and whose performance in other domains is at least average for age based on a comprehensive battery of neuropsychological tests (Rogalski et al. 2013) . Information on the total 32 cases is displayed in Table 1 . The study was approved by the Northwestern University Institutional Review Board and conducted in accordance with the Helsinki Declaration (http:// www.wma.net/e/policy/17-c_e.html).
Criteria for Cognitively Superior Elderly (Cognitive SuperAgers)
Cognitive SuperAgers represent individuals whose performance on tests of episodic memory is at least as good as individuals 20-30 years their junior. Thus, SuperAgers have either resisted the downward trend of cognitive decline that is considered "typical" with advancing age or had such high baseline memory capacity that it remained above average despite age-related involutional changes. Five SuperAgers were identified based on their age (at least 80-years-old at the time of enrollment) and were required to meet strict psychometric criteria on a battery of neuropsychological tests, which were chosen for their relevance for cognitive aging and their sensitivity to detect clinical symptoms associated with Alzheimer's disease (see Gefen et al. 2014) . Briefly, the delayed recall score of the Rey Auditory Verbal Learning Test (RAVLT) (Schmidt 2004 ) was used as a measure of episodic memory and SuperAgers were required to perform at or above average normative values for individuals in their 50 and 60 s (midpoint age = 61; RAVLT delayed-recall raw score ≥9; RAVLT delayed-recall scaled score ≥10). A 30-item version of the Boston Naming Test (Weintraub et al. 2009 ), Trail-Making Test Part B (Reitan 1958) , and Category Fluency test ("Animals," Morris et al. 1989 ) were used to measure cognitive function in non-memory domains. On the BNT-30, TMT Part B, and Category Fluency, SuperAgers were required to perform within or above one standard deviation of the average range according to published normative values based on age and demographic factors (Saxton et al. 2000; Shirk et al. 2011) . In one participant, neuropsychological data were available from the telephone interview for cognitive status (Brandt and Folstein 1988) , which includes immediate and delayed recall of a 10-word list; on this task, subjects were required to recall at least 9/ 10 words on the delayed recall portion. One other SuperAging participant was included based on the delayed recall memory performance from the Consortium to Establish a Registry for Alzheimer's Disease (CERAD) word list (Morris et al. 1989 ).
Criteria for Normal Elderly
A total of 15 cases were identified as cognitively normal elderly; these individuals were 65 years of age or older at time of death. Normal elderly were identified as cognitively "average" compared with their same-age peers. In 5 cases, this was based on neuropsychological norms for the same tests administered to SuperAgers, with scores falling within one standard deviation of the average range for their age and education according to published normative values (Saxton et al. 2000; Shirk et al. 2011) (Table 1 ). The rest were elderly who, according to clinical records, did not suffer from cognitive abnormalities prior to death. In SuperAging and normal elderly participants with neuropsychological test scores available, z-scores were calculated based on age-appropriate normative data (Morris et al. 1989; Schmidt 2004 and Morris et al. 1989 ); these scores were used to establish relationships between memory performances and measures of AChE reactivity.
Tissue Preparation
All brains were examined macroscopically and microscopically by a neuropathologist. There was no major vascular disease and no evidence of major neurodegeneration other than Alzheimer-type neurofibrillary tangles and amyloid deposits, Delayed recall score from the CERAD word list (Morris et al. 1989 ).
e Delayed recall score from the RAVLT (Schmidt 2004 ). f Total score from the telephone interview for cognitive status (Brandt and Folstein 1988) was 49/50, which included a delayed recall score of 9/10 on a 10-word list recall test. CERAD norms were used to establish z-score in this case.
which were attributed to age. Nonetheless, it is important to note that more than half of the elderly subjects had neurofibrillary degeneration at Braak stages of III or IV (see Table 1 ). Amyloid distribution was not quantitated. One hemisphere of each brain (left in most cases) was cut into 2-3 cm thick blocks and immersed in 4% paraformaldehyde at 4°C for 30-36 h, followed by sucrose gradients (10-40% in 0.1 M sodium phosphate buffer, pH 7.4) for cryoprotection. Blocks were then cut on a freezing microtome into whole hemisphere 40 μm sections and stored in 0.1 M sodium phosphate buffer at 4°C.
AChE Histochemistry
The enzymatic activity of AChE was detected through a modified Koelle-Friendenwald procedure (Koelle and Freidenwald 1949; Geula et al. 1993) . Briefly, tissue sections were mounted on glass slides, and air-dried at room temperature overnight. Sections were rinsed twice for 4 min in 0.1 M sodium acetate buffer at pH 5.5 (titrated with glacial acetic acid), and incubated in a solution containing 0.072 g ethopropazine (inhibitor of nonspecific cholinesterases), 2.312 g acetylthiocholine iodide, 0.75 g glycine, 0.5 g cupric sulfate, and 6.8 g sodium acetate in 1000 mL of distilled water. This solution was titrated to pH 5.5 using glacial acetic acid. Incubation times were based on trials for optimum staining, defined as clearly identifiable AChE reaction product of highest intensity in perikarya without background staining (4.5-6 h). Following incubation, sections were rinsed 6 times for 30 s each in the acetate buffer and incubated in a solution consisting of 19.2 g sodium sulfide in 450 mL 0.1 N HCl at pH 7.8. The tissue was rinsed again (6 × 30 s) in acetate buffer, and then incubated in a 1% silver nitrate solution in distilled water for 1 min. The sections were rinsed once more in acetate buffer (4 times for 30 s), dehydrated through graded ethanols, cleared in xylene and coverslipped under Permount.
Unbiased Stereological Counting Method
Numerical density of AChE-positive cortical pyramidal neurons was determined via modified stereological methods according to procedures previously described in detail Gefen et al. 2015) . All stained pyramidal neurons in layers 3 and 5 of cortex, in which reaction product was detected throughout the cytoplasm, were counted regardless of the apparent staining intensity, using the fractionator method of the StereoInvestigator software (MBF Biosciences, MicroBrightField, Inc.). Two to three representative sections were used for each of 5 cortical areas, consisting of the supplementary motor cortex (SMC, Brodmann area [BA] 6), middle frontal gyrus (MFG, BA 9), middle temporal gyrus (MTG, BA 21), inferior parietal lobule (IPL, , and the anterior cingulate cortex (AC, BA 24). In the child/adolescent cases, only BA 21 was consistently available. Pyramidal neurons were identified by an observer blind to age and cognitive status, based on their distinct pyramidal shape, their location within cortical layers 3 and 5, and the granular AChE reaction product that permeated the cytoplasm. A 200 × 200 μm counting frame was used and the top and bottom 2 μm of each section were used as guard height. The section thickness was measured by the microcator on the microscope. Cortical regions were traced at ×4 magnification and counting was carried out at ×20. Sections were treated as adjacent. The density of AChE-positive cortical pyramidal neurons was expressed as counts per cubic millimeter. Stereologic parameters used resulted in coefficient of error <0.1.
Measurement of Optical Density
The intensity of the AChE reaction product was determined using optical density measures according to a previously described procedure (Baker-Nigh et al. 2015) . Two to three representative sections were used for analysis in each of the 5 cortical areas and layers (layers 3 and 5). Analyses were completed only on BA 21 for child/adolescent cases. Photomicrographs of random fields selected by an observer were taken at ×20 magnification. Images were analyzed using the National Institutes of Health image analysis software ImageJ (version 1.451; http:// imagej.nih.gov/ij/). Each AChE-positive cortical pyramidal neuron was manually outlined and the optical density of reaction product in each cell was determined. The system was calibrated for maximum and minimum light transmissions through a glass slide as the light was on and off on the microscope, respectively. Based on this calibration, high optical density values correspond with high AChE enzymatic activity and low light transmission. The optical density of individual AChE-positive pyramidal neuron, regardless of staining intensity, was quantified. On average, the optical density of 100 pyramidal neurons was determined in each cortical area. Measures reported represent mean optical density values of pyramidal neurons in each area.
Staging of Neurofibrillary Tangle Density and Distribution
To determine the potential relationship between formation of neurofibrillary tangles, which are commonly found in the brains of the normal elderly in relatively low density and restricted distribution (Price et al. 1991; Arriagada et al. 1992) , and AChE activity in cortical pyramidal neurons in the elderly, distribution of neurofibrillary tangles (Price et al. 1991; Arriagada et al. 1992 ) was staged in each normal elderly and SuperAger case according to the Braak criteria Braak 1991, 1995) . For this purpose, sections stained with Thioflavin S, or immunostained using PHF-1 (generous gift of Dr Peter Davies, Albert Einstein College of Medicine, NY, 1/1000), a mouse monoclonal antibody that recognizes an epitope of Tau phosphorylated at Ser396/404 (Augustinack et al. 2002; Lauckner et al. 2003) or the monoclonal Alz50 antibody (Wolozin et al. 1986; Wolozin and Davies 1987; Hyman et al. 1988) , employing the Vectastain Elite ABC Kit (Vector Laboratories), were used.
Statistical Analysis
Two-way, non-repeated measures ANOVAs were used to compare measures between cortical areas and across groups for numerical density and optical density of cortical AChE-positive pyramidal neurons. Bonferroni post hoc tests were used for pairwise comparisons. Percentages of increase/decrease were calculated between all groups. Relationships were determined using Spearman correlations. The probability for statistical significance was set at P < 0.05.
Results
AChE Histochemistry in the Cerebral Cortex
The histochemical method used resulted in deposition of granular dark brown/black reaction product throughout the cerebral cortex. As expected, reactivity was visualized in CajalRetzius cells in layer 1, heteromorphic neurons in layer 6 and underlying white matter, polymorphic, intracortical neurons of layers 2 through 6, and intracortical pyramidal neurons of layers 3 and 5. At low magnification, cortical pyramidal neurons were the most conspicuous AChE-positive elements. Within these cells, the reaction product filled the cytoplasm and proximal dendrites, clearly distinguishing the neurons from background (Fig. 1) . Staining intensity was variable across age and area, but all groups of brains displayed positive intracellular staining in the 5 cortical areas of interest. Cortical pyramidal neurons were qualitatively similar in staining intensity in layer 3 as compared with layer 5 within a given cortical area.
As expected, across all groups (with the exception of the child/adolescent group in which tissue was unavailable), the SMC showed the highest density and staining intensity of AChE-positive pyramidal neurons compared with other cortical regions examined (Figs 2 and 3 ).
Children/Adolescents (Age < 19) Versus Younger Adults (Age 20-45)
The apparent density of AChE-positive cortical pyramidal neurons, as well as quantitative information in MTG, revealed the lowest numerical density of these neurons in the children (2.5 and 10 years), followed by adolescents (13 and 19 years). The highest numerical and optical densities were observed in the younger adult group (Figs 2 and 3) . The numerical density of AChE-positive cortical pyramidal neurons displayed an increase in younger adults (N = 5) when compared with children/adolescents (N = 4) in MTG (34.5%; approaching significance, P = 0.085). Optical density of AChE reaction product displayed a similar increase in younger adults in MTG (32.6%; approaching significance, P = 0.055).
Younger Adults (Age 20-45) Versus Middle-Aged Adults (Age 50-57)
Cases that comprised the normal young group were alternatively sub-grouped into younger adult (N = 5) and middle-aged cases (N = 3) to analyze more specific age-related differences in cortical AChE-positive pyramidal neurons (Figs 2 and 3) . In the SMC, although not statistically significant, there was a small quantitative increase in numerical (7.17%) and optical (8.52%) density in the middle-aged group compared with the young adult group. This small difference was not seen in other cortical areas. Therefore, these groups were combined into a normal young group (22-57 years) for the remainder of the analyses.
Age-Dependent Differences Across Cortical Regions
ANOVA with Bonferroni correction showed significant differences in numerical density across the 5 cortical areas (P < 0.05) and across groups (P < 0.0001). Similar significant differences were detected in optical density measures across cortical areas (P < 0.001) and groups (P < 0.0001).
Across all cortical regions, there was a consistent decrease in the density of AChE-positive cortical pyramidal neurons where the normal young group (ages 22-57) showed greatest numerical density, followed by a consistent but statistically non-significant decrease in the normal elderly (5.1-20.8% decrease; P > 0.05), with a further significant decrease in cognitive SuperAgers compared with normal elderly (30.6-69.2% decrease; significant in SMC, MFG, MTG, and IPL; P < 0.05) (Fig. 4) . When SuperAgers were compared with the 5 elderly controls who had undergone neuropsychological testing, significantly smaller densities of AChE-positive cortical pyramidal neurons were found in SMC and IPL in SuperAgers (57% and 71% decrease, P < 0.03 and P < 0.003, respectively). In a direct comparison between the normal young control group and cognitive SuperAgers, a significantly larger decline (43.3-70.8%) was found in all areas (P < 0.05) except the AC (P > 0.05; Fig. 4) . When the elderly control and SuperAger groups were combined, the density of AChE-positive cortical pyramidal neurons in IPL displayed a negative correlation with z-scores on tests of memory, which approached significance (r = −0.56, P = 0.08); no other significant correlations were observed.
A similar pattern was observed for optical density values (high values represent high AChE reactivity) where the normal young group showed greatest optical density, followed by the normal elderly group (9.15-28.6% decrease; significant in SMC, IPL and AC; P < 0.05), with further decline in SuperAgers (15.7-40.7% decrease compared with normal elderly; significant in MFG and MTG; P < 0.01, Fig. 5 ). When SuperAgers were compared with the 5 elderly controls who had undergone neuropsychological testing, significantly lower optical density of AChE reaction product in cortical pyramidal neurons was found in MFG in SuperAgers (37% decrease, P < 0.03). Again, in a direct comparison between cognitive SuperAgers and the normal young group, there was a significant decrease in optical density values (37.3-48.9%) across all cortical areas (P < 0.01, Fig. 5 ). When the elderly control and SuperAger groups were (Fig. 2) . The density and particularly the staining intensity of these neurons displayed a consistent decrease in the normal elderly (C, SuperAgers. The density of AChE-positive cortical pyramidal neurons displayed a small and statistically non-significant (P > 0.05) but consistent decrease in the normal elderly when compared with normal young adults in all BA studied. A further decrease was observed in SuperAgers when compared with the normal elderly (statistically significant in areas 9, 6, 40, and 21; P < 0.05), or the normal young groups (statistically significant in areas 9, 6, 40, and 21; P < 0.05). Area 9: MFG; area 6: SMC; area 39-40: IPL; and area 21: MTG. *Significant at P < 0.05; **Significant at P < 0.01. Figure 5 . Optical density (i.e., staining intensity) of AChE reaction product in cortical pyramidal neurons displayed reductions in the normal elderly and SuperAgers. The optical density of AChE reaction product in cortical pyramidal neurons displayed a robust decrease in normal elderly when compared with the normal young group (statistically significant in areas 6, 24, and 39-40; P < 0.05). A further decrease in optical density was observed in SuperAgers when compared with the normal elderly (statistically significant in areas 9 and 21; P < 0.01), or the normal young groups (statistically significant across all cortical areas, P < 0.01). Area 9: MFG; area 6: SMC; area 39-40: IPL; and area 21: MTG. *Significant at P < 0.05; **Significant at P < 0.01. combined, the optical density of AChE reaction product in MFG displayed a significant negative correlation with z-scores on tests of memory (r = −0.79, P < 0.008), and a negative correlation was found in SMC which approached significance (r = −0.61, P = 0.07). No other significant correlations were observed. When the normal young and normal elderly groups were combined, optical density of AChE activity displayed a negative correlation with age (significant in SMC, IPL, and AC; r = 0.58-0.66, P = 0.002-0.008).
The SMC also showed a particularly impressive decline in both numerical (10.3%) and optical density (22.6%) when the normal elderly were compared with the middle-aged group (Figs 2 and 3) ; and an even larger decline in SuperAgers (56.4%, numerical density; 28.8% optical density) was observed in this particular area when compared with the middle-aged group. A similar trend was seen in the MTG (Figs 2 and 3) .
According to selection criteria, the SuperAger group consisted of individuals above age 80. We did not find a significant difference between age in the normal elderly group when compared with the SuperAger group (P > 0.05), validating the statistical comparisons of neuronal and optical densities in these 2 groups. Furthermore, large decreases in the numerical density of AChE-positive cortical pyramidal neurons (27-65%) and the optical density of AChE reaction product (5-40%) were noted in the areas investigated when the 5 SuperAgers were compared with the 5 oldest normal cases in the cohort (Table 1 , Cases 23-27, age range 89-96 years).
Braak stages of neurofibrillary tangle distribution in the normal elderly and SuperAgers are presented in Table 1 . In the elderly control and SuperAger groups combined, there was no significant correlation between Braak stage and the numerical density or staining intensity of AChE in cortical pyramidal neurons in any of the regions investigated (P > 0.05). However, we did not quantify markers of neurofibrillary or amyloid pathology in each cortical area.
Discussion
The results of this study confirm the existence of an extensive network of AChE-positive cortical pyramidal neurons in the human cerebral cortex. Our histochemical procedure elicited reaction product within AChE-positive neurons that was dark and coarsely granular. Some of these neurons fit the designation of AChE-rich, but others did not. The remaining cortical neurons were not necessarily devoid of AChE enzyme activity, but lacked detectable deposits of reaction product within the constraints of the histochemical procedure used. While the density and staining intensity of AChE-positive cortical pyramidal neurons varied in different cortical areas, all areas of the cerebral cortex examined contained such neurons. The density and staining intensity of these neurons were higher in the frontal cortical regions, particularly in the SMC, when compared with parietal and temporal regions. These findings are consistent with our earlier qualitative observations on AChErich neurons (Mesulam and Geula 1988a , 1988b .
The density and staining intensity of AChE-positive cortical pyramidal neurons displayed substantial changes across the lifespan. A low density of lightly stained cortical pyramidal neurons was observed in children and adolescents. These neurons attained their highest number and staining intensity during young adulthood. The number of these neurons did not show a significant age-related change in comparisons confined to cognitively average elderly, in keeping with our earlier qualitative observations (Mesulam and Geula 1988a , 1988b .
However, normal aging was associated with a significant decrease in the staining intensity of AChE-positive cortical pyramidal neurons. Compared with their peers with average memory capacity, the elderly with exceptional memory performance (SuperAgers) had significantly fewer AChE-positive cortical pyramidal neurons and lighter intensity of the neuronal AChE reaction product. These findings show that AChE enzyme activity in cortical neurons changes according to chronological age and also according to memory capacity. Whether the lower AChE activity in SuperAgers reflects a life-long or adaptive phenomenon remains to be determined. It is also important to note that the "average" and SuperAging elderly brains contained neurofibrillary pathology (Braak III or IV in 12 of the 19 cases where the information was available) as well as amyloid deposits. The Braak staging is unlikely to account for the observed changes since it tended to be higher in the average elderly. In the future, correlations of AChE activity, markers of tau pathology, and amyloid deposits within the same cortical area may help to address this question.
Function(s) of AChE in Cortical Pyramidal Neurons
Immunohistochemical and autoradiographic studies have consistently demonstrated the presence of high densities of nicotinic and muscarinic cholinergic receptors in human cortical pyramidal neurons Zilles et al. 1989; Rubboli et al. 1994; Graham et al. 2003) . These cholinoceptive pyramidal neurons require perikaryal AChE in order to hydrolyze the acetylcholine released by presynaptic cholinergic terminals (Mesulam and Geula 1991) . The AChE-positive neurons investigated in this report are therefore likely to represent one element of such cholinoceptive neurons. These AChE-positive cortical neurons are not cholinergic since they lack perikaryal ChAT Geula 1988a, 1988b; Geula and Mesulam 1999) . The cholinergic innervation of cortical cholinoceptive neurons in the human brain comes exclusively from the basal forebrain Ch1-Ch4 cell groups Geula 1988a, 1988b; Mesulam et al. 1992) .
In addition to their cholinergic function, cholinesterases in general, and AChE in particular, are associated with a number of other functions, including neurotransmitter recycling, proteolysis, neurogenesis, morphogenesis, neural differentiation, and amyloid fibril assembly (Silver 1974; Robertson et al. 1985; Small et al. 1991; Layer et al. 1993; Inestrosa et al. 1996; Koenigsberger et al. 1997) . While it is possible that AChE in cortical pyramidal neurons is involved in one or more noncholinergic functions, these additional functions have not been investigated in relation to AChE in cortical pyramidal neurons. The evidence supporting such functions is derived primarily from in vitro models or developing brains. Therefore, future studies will need to address non-cholinergic functions of AChE in vivo and in the adult brain to elucidate such potential functions of AChE in cortical pyramidal neurons.
AChE in Cortical Pyramidal Neurons and Cognitive Function
An age-related decline of memory capacity is a characteristic of normal aging (Rowe and Kahn 1987; Salthouse et al. 2003; Salthouse 2009; Yaffe et al. 2009 ). This is why average (i.e., normal) scores for an 80-year-old on neuropsychological tests are considerably lower than average scores for a 50-year-old, necessitating use of age-adjusted values for interpreting cognitive test performance. The SuperAger group used in the present study either had an unusually high baseline memory capacity or had the ability to resist the typical age-related erosion of this faculty. A large body of evidence, including information derived from nonhuman primates, indicates that the cholinergic innervation of the cerebral cortex is intimately involved in the cognitive processes related to memory and attention (Flicker et al. 1983; Aigner et al. 1987; Irle and Markowitsch 1987; Muir et al. 1992; Fine et al. 1997) . In fact, a number of studies indicate that inhibition of AChE in normal individuals may improve cognitive performance (Yesavage et al. 2002; Mumenthaler et al. 2003; Ashare et al. 2012) . Of note, we observed a significant negative correlation between the optical density of AChE reaction product in cortical pyramidal neurons in MFG and memory performance in the normal elderly and SuperAger groups combined. We speculate that the decrease of AChE activity in the SuperAgers, and perhaps also in the normal elderly, may reflect a phenomenon of neuroplasticity, triggered through a yet unidentified mechanism, that optimizes memory capacity by enhancing the impact of presynaptically released acetylcholine. Naturally, we cannot dismiss the alternate possibility that this phenomenon is part of an overall age-related involutional process that has no functional impact on memory capacity.
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